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Public Summary:

How vitamins and growth factors interact during fetal development to form the body plan is complex and poorly understood, but is
relevant to understanding birth defects and to developing regenerative therapies. This paper shows how vitamin A (retinoic acid)
orchestrates signaling from fibroblast growth factor to control the development of the mesodermal lineages that form the skeleton and
skeletal musculature, and coordinates development of these structures to keep it in sync with the developing nervous system.

Scientific Abstract:

Bipotent axial stem cells residing in the caudal epiblast during late gastrulation generate neuroectodermal and presomitic mesodermal
progeny that coordinate somitogenesis with neural tube formation, but the mechanism that controls these two fates is not fully
understood. Retinoic acid (RA) restricts the anterior extent of caudal fibroblast growth factor 8 (Fgf8) expression in both mesoderm and
neural plate to control somitogenesis and neurogenesis, however it remains unclear where RA acts to control the spatial expression of
caudal Fgf8. Here, we found that mouse Raldh2-/- embryos, lacking RA synthesis and displaying a consistent small somite defect,
exhibited abnormal expression of key markers of axial stem cell progeny, with decreased Sox2+ and Sox1+ neuroectodermal progeny
and increased Tbx6+ presomitic mesodermal progeny. The Raldh2-/- small somite defect was rescued by treatment with an FGF
receptor antagonist. Rdh1o mutants, with a less severe RA synthesis defect, were found to exhibit a small somite defect and anterior
expansion of caudal Fgf8 expression only for somites 1-6, with normal somite size and Fgf8 expression thereafter. Rdh10 mutants were
found to lack RA activity during the early phase when somites are small, but at the 6-somite stage RA activity was detected in neural
plate although not in presomitic mesoderm. Expression of a dominant-negative RA receptor in mesoderm eliminated RA activity in
presomitic mesoderm but did not affect somitogenesis. Thus, RA activity in the neural plate is sufficient to prevent anterior expansion of
caudal Fgf8 expression associated with a small somite defect. Our studies provide evidence that RA restriction of Fgf8 expression in
undifferentiated neural progenitors stimulates neurogenesis while also restricting the anterior extent of the mesodermal Fgf8 mRNA
gradient that controls somite size, providing new insight into the mechanism that coordinates somitogenesis with neurogenesis.
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